The polyaniline (PANI)-barium ferrite composite with magnetic behavior was synthesized by in situ polymerization of aniline in the presence of BaFe 12 O 19 nanoparticles of 60-80 nm in diameters. The structure, morphology and magnetic properties of samples were characterized by powder X-ray diffraction, Fourier transform infrared, scanning electron microscopy, transmission electron microscopy and vibrating sample magnetometer technique. The results of spectroanalysis indicated that there was interaction between PANI chains and ferrite particles. The composite exhibited the hysteresis loops of the ferromagnetic nature. The saturated magnetization of composite was 22.2 emu/g and the conductance was 0.069 S/cm.
I. INTRODUCTION
Materials possessing both electrical and magnetic properties have been attractive because of their potential applications in many areas of electronics, photonics, mechanics, and sensing [1] [2] [3] [4] . As an electromagnetic interfence (EMI) shielding material and broadband microwave adsorbing material, polyaniline (PANI) has recently been of particular interest due to its significant characteristics such as very light weight, flexibility and absorptivity in broad wave band [5, 6] . The previous research shows that PANI is an electrical loss material in the microwave frequency region and need high magnetic loss to improve the performance [7] . The barium ferrites with hexagonal structure can absorb much electromagnetic wave by the mechanism of moment precession resonance and show excellent high absorption performance in high frequency region [8] .
Recently, a lot of research has focused on the preparation of PANI with ferromagnetic properties to obtain materials with complementary behavior between PANI and magnetic nanoparticles such as oxide, sulfide, nitride, metal, and clay [9] [10] [11] . Deng et al. had studied the synthesis of magnetic and conducting Fe 3 O 4 -crosslinked PANI nanoparticles with core-shell structure by using a precipitation-oxidation technique [12] . Yavuz et al. had reported a novel approach to synthesize the PANI-ferrite particles with a hybrid structure via an oxidative electrochemical polymerization of aniline [13] . † Part of the special issue from "The 6th China International Conference on Nanoscience and Technology, Chengdu (2007)" * Author to whom correspondence should be addressed. E-mail: liyuanxun@uestc.edu.cn, Tel: +86-28-66180729, Fax: +86-28-83201673
In this work, we attempt to fabricate the conducting PANI-barium ferrite composites used as EMI shielding materials to achieve good shielding effectiveness for various electromagnetic sources. PANI doped with β-naphthalenesulfonic acid (NSA) and containing BaFe 12 O 19 nanoparticles were synthesized by in situ doping polymerization method. Micromorphological, electrical and magnetic properties of the nanocomposite were studied by using scanning electron microscopy (SEM) and by measuring a conductivity and a magnetization curve at room temperature.
II. EXPERIMENTS
Aniline monomer was distilled under reduced pressure before use. β-naphthalenesulfonic acid, BaCl 2 ,
and NH 3 ·H 2 O were analytical grades without further purification.
The barium ferrite BaFe 12 O 19 was prepared by coprecipitation process [14] . The obtained precursor was washed several times with deionized water and ethanol, dried at 80
• C for 12 h and sintered at 1200
The PANI-barium ferrite composite was synthesized by in situ doping polymerization method in aqueous solution of 1 mol/L NSA [15] . In a typical procedure, certain amounts of BaFe 12 O 19 particles were suspended in 20 mL of 1 mol/L NSA solution and stirred for 30 min. Then 1 mL of aniline monomer was added to the suspension and stirred for 30 min. The 2.49 g of APS in 20 mL of 1 mol/L NSA solution was slowly added dropwise to the mixture with a constant stirring. The polymerization was allowed to proceed for 24 h at 0-5
• C. The composite was obtained by filtering and washing the suspension with deionized water and ethanol and dried under vacuum at 50
• C for 24 h.
III. RESULTS AND DISCUSSION
A. X-ray diffraction
Figures 1 shows the XRD pattern of barium ferrite and the PANI-barium ferrite nanocomposite. In Fig.1 indicating the formation of the single phase. The XRD pattern of the 50% PANI-barium ferrite composite is also given for comparison. It was observed that the intensity of peaks for barium ferrite decreases and also some low intensity peaks are suppressed. This can be explained by the coating of PANI on barium ferrite which suppresses the peaks. But it can be seen that the same phase of barium ferrite is retained in the sample.
B. Morphology
The morphology and particle sizes of samples were determined by transmission electron microscopy (TEM) and scanning electron microscopy (SEM). Figure 2 shows the TEM image of BaFe 12 O 19 . It is obviously seen from Fig.2 that the structure of BaFe 12 O 19 is hexagonal and the average size of BaFe 12 O 19 particles is estimated to be in the range of 60-80 nm, but having agglomeration to some extent, due to the high surface energy of the nanoparticles. Figure 3 shows SEM microphotographs of 50% PANIbarium ferrite composite. As can be seen from Fig.3 , the PANI-barium ferrite composite consists of fibrils and granular particles. It is considered that the BaFe 12 O 19 was coated by PANI, forming the core-shell structure of the PANI-barium ferrite composite. Figure 4 shows FTIR spectra of BaFe 12 O 19 , PANI and 50wt% PANI-barium ferrite composite. In ferrites, the metal ions are usually situated in two different sublattices, designated as tetrahedral and octahedral sites according to the geometrical configuration of the oxygen nearest neighbors. It was observed from Fig.4(a) that the peaks at 578 and 428 cm −1 are intrinsic vibrations of the tetrahedral and octahedral sites for the prepared BaFe 12 O 19 , respectively. As shown in Fig.4(b) , the characteristic peaks of PANI occur at 3439, 2928, 1555, 1470, 1298, 1239, 1134, and 815 cm −1 . The peaks at 1555 and 1470 cm −1 are attributed to the characteristic C=C stretching of the quinoid and benzenoid rings, the peaks at 1299 and 1240 cm −1 correspond to N−H bending and asymmetric C−N stretching modes of the benzenoid ring, respectively. The strong peak around 1134 cm −1 is associated with vibrational modes of N=Q=N (Q refers to the quinoid-type rings), indicating that PANI is formed in our sample. The peak at 805 cm −1 is attributed to the out-of-plane deformation vibration of the p-disubstituted benzene ring. In addi- tion, the peak located at about 3439 cm −1 corresponds to N−H stretching mode. The IR spectrum of PANIbarium ferrite composite is almost identical with that of PANI. However, the characteristic peaks of BaFe 12 O 19 can be observed in Fig.4(c) and shift to higher wave numbers (579 and 428 cm −1 ). These results indicate that there is interaction between BaFe 12 O 19 particles and PANI chains.
C. FTIR spectra

D. Electrical properties
The conductivities of the obtained PANI and PANIbarium ferrite composite are measured by the standard Van Der Pauw DC four-probe method at room temperature. Figure 5 shows the influence on conductiv- ity of the resulting PANI-barium ferrites with different BaFe 12 O 19 content. It is found that when 10wt% of BaFe 12 O 19 was incorporated into PANI, the conductivity was greatly reduced from 43.35 S/cm of pure PANI to 0.72 S/cm. Further increase of BaFe 12 O 19 content from 20% to 50% results in slight reduction of the conductivity. The decrease in conductivity of PANI-barium ferrite composites may be attributed to the insulting behavior of the iron oxide in the core of the nanoparticles.
The magnetic properties of BaFe 12 O 19 and 50wt% PANI-barium ferrite composite are investigated with a vibrating sample magnetometer. Typical magnetization curve as a function of applied field at room temperature (300 K) is shown in Fig.6 . The magnetization under applied magnetic field for the as-prepared PANI-barium ferrite nanocomposite exhibits a clear hysteretic behavior. The saturated magnetization (M s ) for BaFe 12 O 19 and PANI-barium ferrite composite is 57.8 and 22.2 emu/g respectively. The M s and H c for PANI-barium ferrite composite exhibit a decrease mainly due to the existence of non-magnetic PANI and the interaction between magnetic nanoparticles and nonmagnetic medium by the means of dipole-dipole interactions, which contribute to magnetic anisotropy and consequently change the magnetic properties of nanoparticles [16] . For the PANI-barium ferrite composite system, with the decrease of surface anisotropy upon coating and the increase of interparticle distances which will lead to weakened interparticle interaction, the decrease in coercivity and magnetization is expected.
IV. CONCLUSION
The PANI-barium ferrite composite with the magnetic behavior was successfully synthesized by in situ polymerization of aniline in the presence of BaFe 12 O 19 particles. The results of spectroanalysis indicated that there is interaction between PANI chains and ferrite particles. The composite exhibited the hysteresis loops of the ferromagnetic nature. The saturation magnetization and coercivity of composite decreased greatly compared with barium ferrite. The M s of composite was 22.2 emu/g and the conductance is 0.069 S/cm.
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